The dichloromethane extract of C. padoides leaves was subjected to antibacterial activity guided fractionation against Staphylococcus aureus to afford a new oleanene-type triterpenoid glycoside identified as 1α,23β-dihydroxy-12-oleanen-29-oic-acid-23β-O-α-4-acetylrhamnopyranoside (1) together with two known compounds 1,22-dihydroxy-12-oleanen-30-oic acid (2) and 24-ethylcholesta-7,22,25-trien-O-β-D-glucopyranoside (3) on the basis of 1D NMR, 2D NMR and ESI-MS analysis. Compounds 1 and 2 had a reasonable antibacterial activity [MIC of 0.031 and 0.063 mg/ml] against S. aureus and Escherichia coli. All compounds were non-cytotoxic. The results indicate that pentacyclic triterpenes from C. padoides have some antibacterial activity with no cytotoxic activity.
Introduction
In our preliminary screening of members of the Hypocrateroptis section (C. imberbe Wawra, C. padoides Engl. & Diels, C. celestroides Welw. ex M. A. Lawson ssp celestroides and C. celestroides Welw. ex M. A. Lawson ssp. orientale), several antibacterial compounds were detected in C. imberbe and C. padoides. These results are in agreement with the antibacterial data obtained earlier. 1 A TLC survey of the Combretum genus indicated the presence of saponins in the leaves of C. padoides Eng. & Dielbs. 2 Earlier studies of C. padoides leaves led to the isolation of triterpenoid desmosides. 3 Other studies of the Combretum species resulted in the
Results and Discussion
Based on bioautography most of the antibacterial compounds were shown to be present in the DCM fraction. Further solvent/solvent fractionation indicated that the chloroform fraction was the most active (MIC 0.037 mg/ml). Exhaustive gradient column chromatography yielded three triterpenoids (1) (2) (3) the spin system of the complete rhamnose-skeleton (Rh') was traced. Using HMQC and 13 C spectra, the proton appearing as a singlet at δ H 4.69 was assigned as an anomeric proton of the sugar unit. The proton at δ H 4.93 (Rh'-4) was assigned as located next to an acetyl substituent of the sugar moiety. C-23 was unequivocally assigned as the site of glycosylation by a HMBC correlation between H-Rh-1 (δ H 4.69) and the oxymethylene C-23. This position has been shown as the preferred site of glycosylation in similar compounds from the related C. imberbe.
5
The relative configurations of the chiral centres at C-1, C-3, C-4, C-8, C-10, C-14, C-17, and C-20 were determined by NOESY analysis: correlations between H-1 (δ H 3.55) and H-27 (δ H 1.26), H-24 (δ H 0.70) and H-25 (δ H 1.00), H-18 (δ H 2.01) and H-28 (δ H 0.87), H-18 (δ H 2.01) and H-30 (δ H 1.19), H-Rh'-2 (δ H 3.90) and H-Rh'-4 (δ H 4.93), H-Rh'-1 (δ H 3.55) and H-Rh'-4 (δ H 4.93) indicated that these protons are oriented in the same direction. On the other hand, the NOESY correlations between H-23 (δ H 3.50) and H-27 (δ H 1.26), H-Rh'-6 (δ H 1.13) and H-Rh'-3 (δ H 4.14) indicated these to be oriented in the opposite direction. According to the coupling constants and correlation peaks in NOESY spectrum, 1 showed the same relative stereochemistry in the triterpenoid skeleton as 1α,23β-dihydroxy-12-oleanen-29-oic acid. For the stereochemistry of the sugar moiety, the signal of the anomeric carbon at δ c 101.5 strongly suggested a β-orientation of the anomeric proton. Altogether, compound 1 was thus elucidated as 1α,23β-dihydroxy-12-oleanen-29-oic-acid-23β-O-α-4-acetylrhamnopyranoside. This compound has not been previously reported.
ESIMS analysis of 2 indicated a molecular ion peak at m/z 495. Next to typical terpenoid methines and methylenes, its 1 H NMR spectrum revealed a sugar moiety, olefenic protons and an acetal proton. Signals for five methyls, eleven methylenes, sixteen methines, and three quaternary carbons were revealed by DEPT NMR data. 13 C NMR confirmed all these structural features. The structure of 3 was established as 24-ethylcholesta-7,22,25-trien-3-ol-O-β-D-glucopyranoside that has been previously isolated from Clerodendron inerme. 7 . 9 Arjunolic acid and arjungenin, arjunglucoside pentacyclic triterpenes have been isolated from C. molle. 10 All compounds isolated in this study were subjected to several bioactivity assays. A serial dilution microplate assay using tetrazolium violet as growth indicator, 11 was used to evaluate the antibacterial activity of the isolated compounds (Table 2) The negative control acetone had no antibacterial activity at the 25% concentration the bacteria were subjected. Compounds 1 and 2 showed inhibition of the Gram-positive S. aureus (0.063 mg/ml, 0.031 mg/ml) and the Gram-negative E.coli (0.063 mg/ml for each compound), whereas E. faecalis and P. aeruginosa were resistant to all three isolated compounds, (Table 2) . Compound 2 had a slightly lower MIC (0.031 mg/ml) than the active chloroform fraction (0.039 mg/ml) indicating that is not responsible for the major antibacterial activity. Compound 1 was not active at the highest level tested against the two Gram negative organisms. Compound 1 with MIC (0.063 mg/ml) greater than that of the chloroform fraction (0.039 mg/ml) may have acted in synergy with other compounds. From TLC profile examination, compound 3 was one the major compound (in terms of quantity) present in the extract.
Apart from this work, there are few data on the antimicrobial potential of the isoprenoid constituents of Combretaceae. Eloff (1998) gathered preliminary data to indicate that crude extracts of C. imberbe and C. padoides are active against the four most important nosocomial bacterial pathogens. Martini et al (2004) found good antibacterial activity of five flavonoids isolated from C. erytrophyllum. The antimicrobial activity of extracts of C. erythrophyllum, 12 may explain their use in traditional medicine for relieving symptoms that appear to be caused by infective agents e.g. bloody diarrhoea, wounds and conjunctivitis. Biological Activity Bioautography. Bioautography, 15 was used in the bioassay-guided isolation of antibacterial compounds and fractions. Developed chromatography plates of 10 mg/ml extracts and fractions were dried over night and sprayed with a suspension of growing cells of Gram-positive or Gramnegative bacteria, and incubated at 37 0 C in a chamber at 100% relative humidity for 18 hours.
After spraying with p-iodonitrotetrazolium salt, clear zones on the chromatogram indicated inhibition of growth after incubating for 1 hour at 37 0 C.
Microplate dilution.
A 2-fold serial dilution microplate method 11 was used to determine the minimum inhibitory concentrations (MIC) of fractions and pure compounds against S. aureus ATCC 29213, P. aeruginosa ATCC 27853, E. faecalis ATCC 29212 and E. coli ATCC 25922. Tetrazolium violet was used as an indicator of growth.
